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(54) LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting element with high light emitting efficacy high 
brightness and excellent color purity. 

SOLUTION: The light emitting element emits light by electric energy with a light emitting matter existing 
between a positive electrode and a negative electrode, and contains organic materials and triplet light 
emitting materials with sublimation property and molecular weight of 600 or more. 
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CLAIMS 

1. A light-emitting element emitting light by application of electric energy having 
a positive electrode, a negative electrode, and a light-emitting substance held between 
them, comprising a sublirnabfe organic materia! having a molecular weight of 600 or 
more and a triplet-state light-emitting material. 

2. The light-emitting element according to claim 1, wherein the organic materia! 
is at least one compound selected from the group consisting of the compounds 
represented by the following General Formulae (1) to (5): 

[Formula 1] 



(wherein, R 1 to R 10 each independently represents a hydrogen atom, alkyl groups, aryl 
groups, alkoxy groups, or fused aromatic hydrocarbon ring structures formed with a 
neighboring substituent group; X 1 represents a group or combination of groups selected 
from single bond, alkyl chains, cycloatkyl chains, alkyiene chains, aryl chains, 
heterocyclic ring chains, silyl chains, ether chains, and thioether chains; and n is a 
natural number of 2 or more), 
[Formula 2] 
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(wherein, R 11 represents a hydrogen atom, alkyl or aryl groups; and n is a natural 
number of 4 or more), 
[Formula 3] 



(wherein, R 12 to R 21 each independently represent a hydrogen atom, alkyl groups, aryl 
groups, alkoxy groups, or fused aromatic hydrocarbon ring structures formed with a 
neighboring substituent group, and R 16 and R 17 may be connected to each other; X 2 
represents a group or combination of groups selected from a single bond, alkyl chains, 
cycloalkyl chains, alkyiene chains, aryt chains, heterocyclic ring chains, silyl chains, 
ether chains, and thioether chains; and n is a natural number of 2 or more), 
[Formula 4] 



(wherein, R to R each independently represent a hydrogen atom, alkyl, aryl, or 
alkoxy groups, but one of R 22 to R 29 is used for connection to X 3 ; X 3 is a group or 
combination of group selected from a single bond, alkyl chains, cycloalkyl chains, 
alkyiene chains, aryl chains, heterocyclic ring chains, silyl chains, ether chains, and 
thioether chains; and n is an natural number of 2 or more), and 
[Formula 5] 
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R^^-V X 4 W 

J n 

(wherein, R 30 represents a substituent group binding to any site, selected from a 
hydrogen atom and aikyl, aryl and alkoxy groups; X 4 represents a group or combination 
of groups selected from a single bond, alkyi chains, cycloalkyl chains, alkytene chains, 
aryi chains, heterocyclic ring chains, silyl chains, ether chains, and thioether chains; Y 
represents an oxygen or nitrogen atom, and is modified with a hydrogen atom, an alky! 
group, or an aryi group when it is a nitrogen atom; and n is a natural number of 2 or 
more). 

3. The light-emitting element according to claim 1, wherein the triplet-state light- 
emitting material is an iridium or platinum complex, 

4. The light-emitting element according to claim 1, wherein the organic material 
and the triplet-state light-emitting material are contained in the same layer. 

5. The light-emitting element according to claim 1, for use in a display operated 
in the matrix and/or segment mode. 



[0023] 

The triplet-state light-emitting material emits light in a mechanism different from 
that (singlet-state emission) of conventional fluorescent materials, and thus, materials 
used in combination with conventional fluorescent materials may not be used in 
combination with a triplet-state light-emitting material. In particular, these materials 
often may not be used in combination with the triplet-state light-emitting material in the 
same layer. Accordingly, for use in combination with a triplet material, the organic 
material having a molecular weight of 600 or more is preferably, and favorable 
examples thereof include the compounds represented by the following General 
Formulae (1) to (5). 
[0024] 
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[Formula 6] 




[0025] 

(wherein, R 1 to R 10 each independently represents a hydrogen atom, alkyl groups, aryl 
groups, alkoxy groups, or fused aromatic hydrocarbon ring structures formed with a 
neighboring substituent group; X 1 represents a group or combination of groups selected 
from single bond, alkyl chains, cycloafkyl chains, alkylene chains, aryl chains, 
heterocyclic ring chains, siiyl chains, ether chains, and thioether chains; and n is a 
natural number of 2 or more), 
[0026] 
[Formula 7] 



[0027] 

(wherein, R 11 represents a hydrogen atom, alkyl or aryi groups; and n is a natural 
number of 4 or more), 
[0028] 
[Formula 8] 
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[0029] 



(wherein, R 12 to R 21 each independently represent a hydrogen atom, alkyl groups, aryl 
groups, alkoxy groups, or fused aromatic hydrocarbon ring structures formed with a 
neighboring substituent group, and R 16 and R 17 may be connected to each other; X 2 
represents a group or combination of groups selected from a single bond, alkyl chains, 
cycloalkyl chains, alkylene chains, aryl chains, heterocyclic ring chains, silyf chains, 
ether chains, and thioether chains; and n is a natural number of 2 or more), 
[0030] 
[Formula 9] 



[0031] 

(wherein, R 22 to R 29 each independently represent a hydrogen atom, alkyl, aryl, or 
alkoxy groups, but one of R 22 to R 29 is used for connection to X 3 ; X 3 is a group or 
combination of groups selected from a single bond, alkyl chains, cycloalkyl chains, 
alkylene chains, aryl chains, heterocyclic ring chains, siiyl chains, ether chains, and 
thioether chains; and n is an natural number of 2 or more), and 
[0032] 

[Formula 10] 
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[0033] 

(wherein, R 30 represents a substituent group binding to any site, selected from a 
hydrogen atom and aikyl, aryl and aikoxy groups; X 4 represents a group or combination 
of groups selected from a single bond, alky! chains, cycloalkyl chains, alkyiene chains, 
aryl chains, heterocyclic ring chains, silyl chains, ether chains, and thioether chains; Y 
represents an oxygen or nitrogen atom, and is modified with a hydrogen atom, an aikyl 
group, or an aryl group when it is nitrogen; and n is a natural number of 2 or more). 

In the description of the substituent groups above, the aikyl group means a 
saturated aliphatic hydrocarbon group, such as methyl or ethyl, that may be or may not 
be substituted. The aryl group means an aromatic hydrocarbon group, such as phenyl, 
naphthyl, biphenyl, or fluorenyf, that may be or may not be substituted. The aikoxy 
group means an aliphatic hydrocarbon group having an internal ether bond, such as 
methoxy group, that may be or may not be substituted. These substituent groups are 
substituent groups similar in properties to the hydrogen atom on each compound, in 
considering the advantageous effects of the present invention. 
[0034] 

Each of X 1 to X 5 is a binding chain for connection, and connection by the 
binding chain gives a useful light-emitting element, by providing the element with 
favorable heat resistance and thin film-forming efficiency that are not obtained with a 
conventional single compound, and also with favorable durability as the element. 
Examples of the binding chains include a single bond, alky! chains, alkyiene chains, 
cycloalkyl chains, aryl chains, heterocyclic ring chains, silyl chains, ether chains, and 
thioether chains, but the binding chain is preferably a single bond, an alkyiene chain, an 
aryl chain, or a heterocyclic ring chain, for improvement in thermal stability and electron 
and/or hole-transporting efficiency. For further improvement in heat resistance and 
thin film-forming efficiency, the binding chain preferably has a rigid and bulky structure, 
specifically, more preferably a binding chain having multiple aryl chains. 
[0035] 
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Typical examples of the organic compounds having a molecular weight of 600 
or more represented by the General Formulae (1) to (5) are shown below T but are not 
limited thereto. 



[0036] 

[Formula 11] 




MoL WL: 1117 34 



[0037] 

[Formula 12] 
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Mo!, Wt: 71 6.87 Mol. WL: B12.BB 




[0057] 
Example 1 

A glass substrate having an ITO transparent conductive film deposited to a 
thickness of 150 nrn (manufactured by Asahi Glass Co., Ltd., 15 Q/D T electron beam- 
deposited product) was cut into pieces of 30x40 mm in size and the substrates were 
etched. The substrate obtained was ultrasonicated in "Semicociean 56" 
(manufactured by Furuuchi Chemica! Corporation)) and uitrapure water respectively for 
1 5 minutes and then dried. The substrate was treated with UV-ozone for one hour, 
immediately before preparation of element and then placed in a vacuum evaporator, 
which was then evacuated to a vacuum at 5x1 0" 5 Pa or less. A hole-transporting 
materia! 4,4 »bis(N-(1-naphthyl)»N-phenylamino) biphenyl (aNPD, molecular weight: 
589) was first deposited to a thickness of 60 nm by resistance-heating method, A host 
material for a light-emitting material 2 T 2 I -bis(4-(N 7 N'-diphenyIamino)propylphenyl)spiro- 
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9,9-bifluorene (molecular weight: 803) and a dopant material tris(2- 
phenylpyridyl)iridium complex (Ir (ppy>3: molecular weight 655) were then codeposited 
to a thickness of 30 nm at a dopant concentration of 8 wt %. A hole-blocking material 
2 ? 9-dimethy[-4,7-diphenyl-1,10"phenanthroline (BTCPN, molecular weight: 360) was 
deposited to a thickness of 10 nm. Then, an electron-transporting material tris(8- 
quinolinol) aluminum complex (molecular weight 459) was deposited to a thickness of 
50 nm. Lithium was doped on the organic layer to a thickness of 0.5 nm, and then, 
aluminum was deposited to a thickness of 200 nm, to give a 5x5 mm-squareelement 
The light-emitting element had an EL spectrum similar to the phosphorescence 
spectrum of the dopant material and emitted high-brightness green light superior in 
color purity. 
[0058] 

The light-emitting element showed high-brightness green emission superior in 
color purity, having a spectrum similar to the phosphorescence spectrum of the dopant 
material, when operated in a vacuum ceil by a 1-rnA puise drive (duty ratio: 1/60, pulse 
current: 60 mA), 
[0059] 

In a durability test under operation at a DC intensity of 20 m A/square 
centimeter, the element showed high-brightness green emission superior in color purity 
even after 100 hours. 
[0060] 

Comparative Example 1 

A light-emitting element was prepared in a similar manner to Example 1 , except 
that 4,4 , -bis(N~carbazoiyi)biphenyl (CBP, molecular weight: 484) was used as the host 
materia! for the fight-emitting material. The light-emitting element showed high- 
brightness green emission superior in color purity, having a spectrum similar to the 
phosphorescence spectrum of the dopant material, but in a durability test under 
operation at a DC intensity of 20 mA/square centimeter, the element showed significant 
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drop in brightness after 100 hours, 

[0061] 

Example 2 

A light-emitting element was prepared in a similar manner to Example 1 , except 
that 2 T 2 ~bis{5-(4-t-butylphenyl)1 3,4-oxadiazol-2-yl}spfro-9,9~bifIuorene (molecular 
weight; 717) was used as the host material for the light-emitting material. 
[0062] 

The light-emitting element showed high-brightness green emission superior in 
color purity, having a spectrum similar to the phosphorescence spectrum of the dopant 
material. In addition, in a durability test under operation at a DC intensity of 20 
mA/square centimeter, the element showed high-brightness green emission superior in 
color purity even after 100 hours. 
[0063] 
Example 3 

A light-emitting element was prepared in a similar manner to Example 1 , except 
that 4,4'-bis(N-carbazolyi)biphenyi (CRP, molecular weight: 484) was used as the host 
material for the light-emitting element and N r N J -bis(4-dipheny!amino-4-bipheny!)-N,N'- 
diphenylbenzidine (molecular weight: 975) as the hole-transporting material. The light- 
emitting element showed high-brightness green emission superior in color purity, having 
a spectrum similar to the phosphorescence spectrum of the dopant material, and in a 
durability test under operation at a DC intensity of 20 mA/square centimeter, the 
element showed high-brightness green emission superior in color purity even after 100 
hours. 
[0064] 
Example 6 

A light-emitting element was prepared in a similar manner to Example 1, except 
that 4,4 -bis(N-carbazo!yl)biphenyl (CBP, molecular weight: 484) was used as the host 
material for the light-emitting element and 2,2\7,7'-tetrakis (2,2-dipheny!vinyi)spiro-9 r 9'- 
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bifiuorene (molecular weight: 1029) as the electron-transporting material The light- 
emitting element showed high-brightness green emission superior in color purity, having 
a spectrum similar to the phosphorescence spectrum of the dopant material, and in a 
durability test under operation at a DC intensity of 20 mA/square centimeter, the 
element showed high-brightness green emission superior in color purity even after 100 
hours. 
[0065] 
Example 7 

A light-emitting element was prepared in a similar manner to Example 4, except 
that 2,2 , -bis(2,2-diphenylethen-1-yl)spiro-9,9 , -bifluorene (molecular weight: 673) was 
used as the electron-transporting material The light-emitting element showed high- 
brightness green emission superior in color purity, having a spectrum similar to the 
phosphorescence spectrum of the dopant material 
[0066] 
Example 8 

A light-emitting element was prepared in a similar manner to Example 1, except 
that a bis{2-(2-benzothiophenyi)pyridyl}(acetylacetonato)iridium complex was used as 
the dopant material for the light-emitting material The light-emitting element showed 
high-brightness red emission superior in color purity, having a spectrum similar to the 
phosphorescence spectrum of the dopant material, and in a durability test under 
operation at a DC intensity of 20 mA/square centimeter, the element showed high- 
brightness red emission superior in color purity even after 100 hours. 
[0067] 
Example 9 

A glass substrate having an iTO transparent conductive film deposited to a 
thickness of 150 nm (manufactured by Asahi Glass Co., Ltd,, 15£VD, electron beam- 
deposited product) was cut into pieces of 30x40 mm in size and a striped pattern 
having 32 stripes at a 300 \xm pitch (blank width: 270 ^im) was formed thereon by 
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photolithographic method. One terminal of the ITO stripe in the fong side direction is 
expanded to a pitch of 1.27 mm (opening width: 800 ^tm)for easier external electrical 
connection. The substrate obtained was ultrasonicated in "Semicoclean 56" and 
ultrapure water respectively for 1 5 minutes and then dried. The substrate was treated 
with UV-ozone for one hour immediately before preparation of a light-emitting element 
and then placed in a vacuum evaporator, which was then evacuated to a vacuum at 
5x1 0" 4 Pa or less. A hole-transporting material 4 1 4 r »bis(N»(1-naphthyl)-N»phenylamino) 
biphenyl (aNPD) was first deposited to a thickness of 60 nm by resistance-heating 
method. Then, a host material for the light-emitting element 2,2'-b}s(4-(N,N- 
diphenylamino) phenylJspiro-^Q-bifluorene and a dopant materia! tris(2- 
phenylpyridyl)iridium complex (lr(ppy)3) were codeposited to a thickness of 30 nm at a 
dopant concentration of 8 wt %. A hole-blocking layer of 2 1 9-dimethyl-4 } 7-diphenyl- 
1,10-phenanthroline (BTCPN) was formed by vapor deposition to a thickness of 10 nm. 
An electron-transporting materia! tris(8-quinolinol)a!uminum complex was then vapor- 
deposited to a thickness of 50 nm, A mask having sixteen 250-jim openings (blank 
width: 50 jam, corresponding to 300 jam pitch) was formed on a Kovar plate having a 
thickness of 50 \im by wet etching, and the mask was adhered to the ITO substrate 
from the rear face with a magnet in the direction perpendicular to the ITO stripe under 
vacuum. Then, lithium was doped on the organic layer to a thickness of 0.5 nm, and 
then, aluminum was deposited to a thickness of 200 nm, to give a 32x16 dot matrix 
element. The element displayed characters favorably without crosstalk, when 
operated in the matrix mode. 
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**1 0 2 ~1 0 is a ■ cmtt^it^MK, 
10 5 ~10Hfl-cmT^Sit#jf4U\ 4fc, 

IUI SfjSf^^RzT, 4 J umJUT\ 35ftUi3 
w mJSlT. ^fcii 2 miaTC* & £ t L ^ . 
[0017] ±ffiO*ffiT3UJjtSitfeW«a5WtetJV^ 
t . OTKHWK; 1 0 0 g tVffmtfrif. -te/U-a-X 1 
0 0%, 3 0g/m3, 7QXy>'A<7>WZjfrt2>±m 

mmmcommimmiMLfz tzz, mmmmt 1 . o 

tzmMim&wgjmiz-oi ^x.m3 &4mvxmt+ 
mwmm m> mmmumm r H 

EIDONh7>f*'*Tj Srfflufc. 4"T. n-A-«<o 
#*a5»l 1 J:WRtt^>^Tir»^-r~y5 

2Jb(Cia^$^s -te/Pa-X 10 0%, 30g/ 
m 3 , 70^7^i©$C<y37MJyh7U-) 2 
4: fcfcte, JJBWHaWlt, 3ffJE¥m5 
3 t=i 0 1 0 0 g f <03fS 10 0mm 
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0 0%, 3 0g/m 3 , 7 0^7^a©«tWL^ 
[ 0 0 1 8 J ±fc, LTti, Mi 

ar, H4t5jcfi:?t. te*«*Tfes^F9Aio 

t„ *S6fl*0««ism fc ft 4»«n-9 2 0 *8S*3« 
•o-o#»SI1KS-*§ fc t it. *JEEP*ma3 0 t X 
9. 0fc#*o-5 2 0 4:« l ')Hlt, KSMI 

ft & v ^{iSEEPWfiSt J: l> 

[ooi9] <mmm>pxnz. mm. mm*™ 

<OS6lSte, Jf§ 1 0 0/im<OiSHCTA£j$*U set* 
CD±t. ffff 1 0/*m<98fflWlB£JK£U SfD-7 

*wtoL.&m*miBLxmmu tmrnm* 5 x i 

O'G - cmtWSU;. SftUBBte. ^l^y^ttT 
?'J;HSIEAU6 5B (ri^T33Stt») £MEK» 
J6Rfc**»U 4 V ^T^-hmfcmZMitfdk, TA<*i 
!V$m.y>)zi-y*j 1VSH23Q {^.uy^Z3~zz.y 

a?iiJIS+jS¥WRzt, 0. 7jumT&-> 
fc. Clcon-?S:, SJK2 2°C/mK5 0%RH(7)^ 
T s Jrifit^-te/Wn-X 1 0 0%, 3 0 s/m* , 7 0 

-b y v s;tss*u a£4 o s c/fSg9 sxrhct 
<r^. sm&mm&nbtifz.. jet. b^6ooo#cb 

[0 0 2 0] [SIMM 2] *?tt^l/?V7*-A^ 

<s>jft*»ft««*sit. s§ i q o MTcicommmAzm 

^U^>3ettT^y/M»JBEAU6 5B (T^'TXHa 
SI) »EK»*U 4yS'T*-HM3H«ll 



Z*}U?ymtT?V/umW$i 0 0**»fc 

I S+^%«£RzT\ 0. 8jumT*-? 
tz. ^j£2 2^/*lJR5 0%RH<O=i^ 

X\ JrjEgt^-fe^Q-Xl 0 0%, 3 0g/m3, 70 

^■y^ao^tfflv^TJWssamsff-jfckc*. mm 

h y >y i^ti^f L „ iWS 4 0 "C/jUK 9 5 % R H t 

~>tz. ttz, v=/*m^xmm&imLtz 
bz\h. fkmmmmhtitz* jet. wmooofo 

[0021] [JBtH3] ftit^i/^yy*- A* 

^,«^5lttit0«t ffS 1 0 0/*m«i6«M|A*» 

St*<0±t. U£ 1 0/wmO^fgJgD^^ 
Us flWn-?S:fBKUft:. ttJKSAii. **7^UA- 

9 p ? y^ttr ? y ;h«iie a u 6 5 b < r *jrimt 
^y^s^ant^ ^vasMt^ya-v 
^y^ttr^ y-fusjd 1 0 ofi*9it*f lt 1 omaas 

^f%ISRzt, 2. 0#mT$-5t, ^c0n-7 

SJK2 2°C/fEK5 0%RH^frT\ ±J*U/s-te 
/K3-X10 0%, 3 0g/m*, 70^7^fl 

•o^. ±120-7^7° y y^—ij- v y -y i^t® 

#L, i«4 0*C/»*9 5^RHtT23aifflSaeLft: 

[0022] ciwtwx] mm&<n*7v?y?is-2>fr 
^hrnvtmemmttz, 1 0 ovm&mmmAzm 

ffifii*€r5xl07a- cmtPIfiUJt. MW«EJi:, 
^^>«ttT^llA4BiEAU6 5B (7y'7ISt 
K ) * M E K«cSj& 5 L , -f V $"T*— h SMCTJ t JD 
iJttOt; Lfc. JbEa-50*®fflSt± J I S+jUf- 
ifejffi? R z T\ 0. 7 umX'h^tz. Zcov— 55r. ?fl 

XI 00%, 30g/m3, 7 
MKKCI^ fi 1 ^ ^ t i 6 , *^«lfei± 2 . 5 T$> o . 
til, ±mu-7t;yyy?-~%~hV <yi?lzm£l. 
Mm 4 0 -C/aJK 9 5 % R H tT 2 jlfeTOS L fc i 
6 s O P C fc (Dflplt^Ste . JCfc , ±B*- f y y 
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[0 0 2 3] [j£S$f2] %$m&WU?>7x~Mfr 
filet, Kfc<e-<9±£. J?£l OMtncr>nmmF*Bi& 

*7U? ym&T7 U ^SfllE A U 6 5 B ( Ty'TIitt 
K ) £ MEKSItS^L, -Y V i-T*- MBWffl. * 

SSfflffiStiJ I S+jftPWJfRzts 2. OjumT* 
ofc. ^con-5S:. S^2 2X3/MK5 0%RH<9jfc 
i^Lit-b/l'O-X 10 0%, 3 0g/ia 3 , 7 

#-HJ >yi*(cK*U 5&S4 0*C/S&9 5%RHt 
T2iMtRaLfc4:£*. OPC kammiffi&Lt:. 

[00 24] [lt«2«3] **tt^P-^y7 3r-A^ 
$>jft*3WM<a*fflfc:, 1 0 0^m<oMMBA^^ 
l£U J8(c^co±fc. 1 OjumiO^ffilGSr^RS; 
U #*n— ?£ft*L&. ttRVAil, *»T^»JA' 

ffitt«5xi 0 7 Q ■ cmfcilU. S£J1J1G{;L 

ySSBLT 7 U /HM&E AU116B (7* £?T IWHJK ) 

>-S:Jai.7tt«t Ufc, ±m-a~y<omw&^nj I S 

+j^- ! F'%ll^ RzT", 0. 9umTfo~>£l* ZCOn-y 
^2 2' , C/SS5 0%RHcO#frT\ _B*Lfc-te 

[01] 

(a) Cb) 



^a-X10 0%, 3 0g/m s , 7 0^7^OT^ 
JBv^rtflSKttfcfro fc i: Z * , SJgflifcii 1 . 3 TS> 

*U ?aK4 0'C/?IS9 5%RHtct2afSScat7t 
[0025] 

0±EMK8£ . 4H*S*3 0 0 0 OOT^KStt^ 
yn-W 4 ^ P * ^Settr ? U /MSIi** 

[a i ] *%m<mnmtn~m$:m~mx*fo%> . 

[02] *%BJ^^«^-0IJ^^»f®0-C* 

[03] #«i5w^^«a<^»^ri*^^-r0T* 
[04] i&mvmvg&nmm&kmmzh 

10 lS3feh'5^. 2 0 2 1 ^7 

K 2 2 JMMK 2 3 &0» s 3 0 «JEEEPHT# 
a. 

[02] 

20 
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